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lINTfHODUCTION
A considerable rouount of work has boen done on the
use of gelatin as a stabilizer or as a protective colloid
in emulsions, or in other colloidal systems. However,
relatively little research has been pUblished using
gelatin solely as an emulsifying agent.
With this in mind it was decided to. investi5ate
the emulsifying properties of iso-electric gelatin with
water - oil systems. The term oil, as used~ refers to
any liquid immiscible with water.
It has long been known that gelatin would form dual
type of emulsions with certain ·uoils!' by varying the
phase volume ratio of the two liquids. However, in this
investigation the phase reversals were attempted by
varying the pH of the solution.
2REVID~ OF PREVIOUS ~ORK
Previous to 1918 very little work was published on
gelatin as an emulsifier. The greatest amount of data
on this sUbject was puhlished between 1925 and 1935.
1
Holmes and Childes found that in emulsions using
gelatin as an emulsifying agent an excess of strong
acid, base or liquifying salt should not be added, and
that the viscosity' should not be greatly increased above
that of water in order to obtain good emulsions.
2
Siefriz , in his work, showed the effect of various
electrolytes such as sodium hydroxide and sodium chloride
in causing phase reversals of water in oil (W/O) and
oil in water (O/W) emulsions using various emulsifying
agents. This investigator emulsified olive oil with
water. Using caesin as the 'emulsifying agent Seifriz
found that this gave a wlo emulsion which was reversible
with sodium hydroxide. Oil emulsions in which gelatase,
albumin, lecithin and others were used as emulsifiers
formed o;W emulsions which were not reversible with
barium chloride.
(1) Holmes and Childes. Effect of ELectrolytes on
Gelatin Emulsions., J. ft~. Chern. Soc., Vol. 42,
p. 1049 (1920)
(2) Wm. Seifriz. Phase Reversals In Emulsions.,
Am. J. Physiol, Vol. 66, pp. 124-39 (1923)
33
In later work Seifriz determined that double reversal
with the same electrolyte is the rule for olive 011 emul-
sions stablized with felatase, and treated wlt~'1 sodium hy-
droxide (r barium hydroxide. He conclu,ded that the OH ion
was primarily responsible for this effect since double re-
versal is not affected by the sodium chloride or barium
chloride.
R. M. Woodman began his first publication on gelatin
as an emulsifier in 1925, and has done a considerable
4
MIOunt of work since. In 1926 Woodman using gelatin as
an emulsifier for cresylic acid and water, found that by
varying the amount of the two liquids different types of
ernul sions were formed (ie. 'iV/O or O/'N ernul sions).
5
Ghosh and Dhar in thelr(work showed the similarity
between O/W emulsions and colloidal solutions in that
both show (A) abnormal behavior ,In dilution, (3) a.b-
normality toward addition of electrolytes and (C) ac-
climization. They applied the explanation ')f these
phenomena in the case of sols to the emulsions. These
(3 ) Wm. Seifri;. Double Reversal of Oil Emulsions
Occasioned by The Same Electrolyte,
J. Phy. Chern., Vol. 29, 738-49 (1925)
R. M. Woodman. Gelatin As An Emulsifier.
Ibid., Vol. 30, 658 (1926)
S. Ghosh and N. R. Dhar. Effect of Electrolytes
On Oil In Water Emulsions.
J. Phy. Chern., Vol. 30, pp. 294-305 (1926)
4workers showed tha.t the tnversion of emulsions and the
charge reversal of sols bear certain resemblances. 30th
take place by the addition of bivalent or multivalent
ions or H or OR ions.
6
Zukow and Buskmakin using gelatin of iso-electric
point 5.27 showed that dual.type emulsions of benzene
and water could be formed by varying the volume of the
two liquids. These workers found that the surface
tension is a function of the pH and reaches a minimum
at the iso-electric point.
Durln~ the next few years various workers investigated
the effect of electrolytes on emulsions prepared hy using
various metallic soaps as emulsifying agents. Tartar,
7
Duncan, Shea and Ferrier found that emulsions of 12 cc.
of benzene and 2' cc. of aqueous solution of sodium oleate
as emulsifying agent were destroyed upon the addition
of various acids ( Ie. hydrochloric and oxalic ) when
approximately enough acid was added to decompose the
emulsifier.
--~----------------------------------------------------
(6) I. I. Zukow and I. N. Bushmakin. Gelatin As An
EmUlsifying Agent.
J. Russ. Phy. Chern. Soc., Vol. 59, pp. 1061-9 (1927)
(7) H. V. Tartar, C. W. Duncan, T. F. Shea and W. K.
Ferrier. The Effect of Electrolytes Upon Emulsions.
J. Phy. Chem., Vol .. 33,pp. 435-46 (1929)
58
Krantz and Carden determined the most sta~le range
of hydrogen ion concentration for emulsions of oil and
aqueous solutions of magnesium oleate. The best results
were obtained on the alkaline side of the nR scale with
the most stable emulsions being between 11 and 12.5. Be-
tween 11 and 2.5 there was moderate stability, and below
2.5 the stability was very poor.
e
Tartar and Lothtrop found that sodium chloride in-
verts emulsions of wjo type when the less soluble soaps
are used as emulsifiers, but not when the more soluble
soaps are used. Potassium chloride did not invert emuls-
ions prepared with the corresponding potassium soaps.
~o
Friedman and Evans emulsified various or[J'anic liquids
such as benzene and toluene with gelatin solutions. These
workers used 10 ec. of the liquid and 5 cc. of gelatin
solution. The stability of the emulsion was determined
as they varied the concentration of the gelatin solution
from 0.25 to 1.5 per cent. For most cases a 0.5 per
cent gelatin solution proved to give the most stable
(8) J. C. Krantz Jr. and Neil E. Cordon.
The Effect of Changes of Hydrogen-Ion Concentration
Upon Emulsions of The wlo Type. .
J. Am. Pharm. Assoc., Vol. 18, pp. 797-805 (1929)
(9) H. V. Tartar and R. E. Lothtrop. The Effect of Some
Electrolytes On The Inversion of Some Emulsions.
J. Phy. Chern., Vol. 34, PP. 373-8 (1930)
(10) Freidman and Evans. Emulsification In Gelatin Systems.
J. Am. Chern. Soc., Vol. 53, PP. 2898-2901 (1931)
6emulsions. No mention was made in this publication of
the type emulsions formed, or if a ~hase reversal oc-
cured at any time.
11
In 1932 Wood'l1an prepared dual type emulsions with
fat and liquid solvents such as carbon tetrachloride. He
indicated that the hypothesis of partition of the emulsifi-
er between the liquid phases was more probable than the
hypothesis of chemical combination of the emulsifier and
1 iquid phase or phases.
1.2
In later work Woodman determined that gelatin
could yield o/w or wlo emulsions with cresylic acid,
hexalin or with methylhexalin, the type formed depending
upon the mechanical method of mixing. Woodman offered
the explanation that in a system containing the liquids
A and B and emulsifier C, an AlB type emulsion would
form if the relative mass of C wetted by B was greater
than that wetted by A. This was proven by the fact
that there existed a com'l1on phase volume ratio where
dual types could be formed at w:tll if the method of
mixing was changed.
(11) R. M. Woodman. Experiments On Lecithin As An
Emulsifier.
J .. Soc. Chern. Ind., Vol. 51, pp. 95-100 T (1932)
(12) R. M. Woodman. Emulsifying Systems Containing
Phenols, Water and Gelatin.
Ibid., Vol. 52, PP. 44-6 T (1932)
713
Tice found that gelatin was very efficient in
stablizing 0/;1 emulsions. 'l.'he use of gelatin to prepare
economically thin, stable and white emulsions was also
14
proven by Tice •
15
In 1940 King and 1.lukher j ee determined that
emulsions stablized by agar, gelatin or egg yolk were
considerably coarser, but often luore stable than soap
stablized systelils.
16
Schaklerord and Cordera showed that heavy mineral
oil emulsions prepared with gelatin as an emulsifier re-
quired an auxilIary emulsifying agent to increase viscosity
without gelation and thus increase stability.
Additional literature referencos of work which is






Linwood F. Tice. Gelatin As a Stabliz,ing Colloid
For O/W Emulsion System.
J. Am. PharTil. Assoc., Vol. 24, pp. 1062-9 (1935)
Linwood F. Tice. Gelatin As An Eraulsifying Agent
Drug Cosmetic Ind., Vol. 38, pp. 635-6 (1936)
A. King and L. N. Mukherjee. Emulsions Stablized
By Hydrophillic Colloids
J. Soc. Chem. Ind~, Vol. 59, pp. 185-91 (1940)
Charles Schakleford and Tulia Cordero.
The Preparation of Liquid Petrolatum Emulsions
Using Gelatin and Domestic Gum.
J. Am. Pharm. Assoc., Vol. 32, pp. 163-5 (1943)
8The equipment used in this investigation consisted
of: a Du-Nouy Interfacial Tensiometer, which was used
to measure the surface tension of the gelatin solution;
a hand homogenizer, which was used in preparing the
emulsions and a binocular type microscope, manufactured
by Spencer, that was used in cleterrning tl'e type emulsions.
9REAGENTS
Sodium Hydroxide
The various soluti6ns of sodium hydroxide were
made to the approximate strength by diluting a known
standard of the base to the proper volume.
Hydrochloric Acid
The hydrochloric acid solutions were prepared in
the same manner as the sodium hydroxide solutions.
Organic Chemicals
The benzene, nitrobenzene, toluene, amyl alcohol,
caprylic alcohol, decyl alcohol, ethyl bromide and
butyl bromide were all C. P. compounds.
Mineral Oil
The oil was a heavy, white mineral 011 (U.S.P.)
manufactured by Stanolind.
10
TECHNIQUE IN PRj~A..-qING THE EII1IJLSIONS
The emulsions were all prepared in the following
manner. The iso-electric gelatin was first dissolved
in water at 500 centigrade. A 0.5]~ solution of gelatin
was used in every case, as such a concentration produced
a maximum lowering of the surface tension. The aliquot
of gelatin solution was then poured into a 100 cc.
gra4uated cylinder, and the desired aIl10unt of II oilu
poured on top of this. The mixture was then given
fifteen vigorous shakes with the hand, and run through
the homogenizer ten times to insure intimate mixing.
A twenty cc. sample of emulsion was prepared in each case.
The following percents by volume of the "oils" were
used in preparing the emulsions: 35~;, 4~;, 455~, 5 05~,
55%, 60%, 65~b. These seven emulsions consisted of one
Il s et 1t of emulsions. A separate set of emulsions was
prepared for investigation for each of the following
approximate pH values: 2,4, 4.8, 7, 10, and 12.
After each emulsion was prepared it was placed in
a six inch test tube and reserved for analysis.
11
TEClil'TIQ,uE IN DETERli::r:nING TEETY?E AND
STABILITY OF rEI-IE lZl.JJLSIOl.JS
The type of emulsion, whetherO/Vl or ~/O, was
determined by one or all of the following manners.
At least two methods were used Dn each emulsion, and
if either of these was inconclusive the third test was
made.
1. Direction of Creaming of' The E:l1lulsion:
If the emulsion i~ not lOO~ stable the stable
portion of the emulsion will If cream DUtIl leaVing a
free liqUid as the other portion.
The method by which this is used to determine the
type emulsion is very simple. The dispersed or in-
ternal phase of the emulsion is present in the greater
volume. It is generally cons1dered that the maximum
percentage of dispersed phase is seventy five, but cases
have been found where there was even a larger per-
centage than this.
Assume the dispersed or internal phase to be liquid
trAu, and' let A be lighter than liquid /lBU which composes
the external phase. Now assume that the free liquid
remaining in tpe unstable emulsion is B. Therefore,
if liquid A is the internal phase (ie.present in the
greater percent by volume) the emulsion will 'cream upward
12
and the free liquid B will be on the bottom. Therefore,
this emulsion would be called an A/B type. (See illustrat-
ion below.) Thus, if A is an oil and B is water the
~/
/ / .




Illustration 1. .THE CREAMING OUT OF AN EMULSION
emulsion would be termed an oil in water type, or
!lrbreviated O/W.
2. By A Water Soluble Dye:
In this method a dye, which is insoluble in one of
the liquids, is added to the emulsion. Assume a water
soluble -- oil insoluble -- dye to be added to the
emulsion. If the emulsion is of an O/W type, where
water is the external phase, the emulslon will immediate:l¥
become tinted throughout with the dye. However, if the
water is the internal phase there will aDnear tiny
droplets throughout the emulsion which are tinted by the
dye, but the main portion 6f the emulsion will he non-
affected by the added dye. (See illustration below.)
13
o~ w/o
Illustration 2. Tl1E COLOR EFFECT OF A DTI 01; EL:JJLSION-S
A drop of the emulsion to which the dye has been added
is placed under the microscope and examined to deterilline
the type emulsion present. The amount of masnification
depending upon the size of the dispersed droplets.
3. By Mixing Vlith Water: (Thinning)
An emulsion will exhibit properties characteristic
of its external phase. Thus, an emulsion which is a
wlo type it will not mix with water to any e:':ten't" since
oil is the external phase. If water is the e_:ternal
phase it can be "thinnedll by adding water to the emulsion.
A 10 cc. saDlple of the emulsion to be tested was
placed in a small beillcer. An equal amoilllt of water was
added. If the emulsion iLllllediately separated fror:l the
"later it was of the· VIlo type, but if it mixed and vvas
thinned with the water it--was of the O/il ty-pe ..
14
The degree ?f stability was deten~ined by measuring
the volume of the free liquid that remained after the
stable emulsion had cremaed out. Thus, if there were two
cc. of the free liqui~ out of the original twenty co.
sample t.b.e emulsion was 905" stable.
15
MINERAL OIL EMULSIONS
Throughout the remainder of this thesis the mix-
ture"s in each set of emul sions will be refered to by
number (1 -- 7 inclusive). Mixture 1 contains 35% oil
by volume and number 7 contains 65% as explained on page
10.
Run Number 1. pH or 2
This set made very good emulsions. The mixtures were
easily emulsified, thin, and had a good white color. At
the end of one hour all the emulsions were 100% stable, as
they were at the end of 3 hours. At the end of 24 hours
each emulsion was between 95 and 97% stable. The direction
of creaming was upward (See il1ust. 1 page 12) and each
emulsion was of the O/W type.
Run Number 2. pH of !J-
This set was similar to run I in the ease of preparation,
except mixtures 6 and 7 which required a few more times
through the homogenizer to be intimately mixed. At the end
of one hour the emulsions were 100% stable, and were of the
O/w type as determined by the dye. At the end of 3 hours
mixtures number 1, 2, 3, and 4 were 90% stable, and 5, 6
and 7 were .approximately 95% stable. After 24 hours each
had decreased in stability approximately 5%. All were still
of the O/W type.
Run Number 3. pH of 4.8
16
This set produced the first phase reversal. Mix-
tures number 5, 6 and 7 were reversed from an O/W emulsion
to a W/O type. All the emulsions were easily prepared,
although numbers 6 and 7 became rather viscous upon emul-
sification. At the end of one hour and 3 hours each
emulsion was 100% stable. At the end of 24 hours I and 2
were 75% stable and were O/W; number 3 was 10% stable and
was O/W; number 4 was 80% stable and was O/W; numbers 5,
6 and 7 were 95% stable and were W/O. Mixtures 5, 6 and
7 had creamed downward (See tlA" illustration 3). In the
preceeding run these same two mixtures had creamed upward




Illustration 3. PHASE REVERSAL OF AN O/W EMULSION
This illustrates the difference in the direction of
creaming for opposite type emulsions of the s~~emixtures.
The percents by volume of the two mixtures were the same
in each run, and the method of mixing was the same.
Therefore, the phase reversal was due to the variation
in the pH value.
Run Number 4. pH of 7.0
17
These emulsions, with the exception of numbers 6
and 7, were not as viscous as were those in the preceed-
ing run. Number 5 reverted back to the o/w type, but 6
and 7 were still w/o emulsions. At the end of 1 hour all
emulsions were 100% stable. After 3 hours 1, 2 and 3
were 85% stable; 4 and 5 were 90%, and 6 and 7 were still
100% stable but were very viscous. At the end of 24 hours
all, witb the exception of 6 and 7, had decreased in
stability by 10%, but these two were still 100% stable.
Number 5 showed a double reversal here from olw at pH of
4 to w/o at pH of 4.8, and then. back to a wlo emulsion
at a pH o:r 7.
Run Number 5. pH of 10
This set was simile.r to the preceeding run. Number 6,
in this case, reverted back to an O/W emulsion, leaving
7 as the only w/o. Number 6 was much less viscous in the
O/W phase, but 7 was still rather viscous. The stability
was the same as in run number iJ- for each emulsion, except
6 was only 90% stable after 24 hours.
Run Number 6. pE of 12
In this run all the mixtures had reverted to the o/w
phase. All had 100% stability after 1 and 3 hours, and
were 92% stable at the end of·24 hours. Number 7 became
less viscous on reversal as did num.ber 5 and 6 previously.
18






4- 6 4 6Mixture lL 2 3 4 5 1 1 2 3 5 1 1 2 3 5 1
.Type of o/w o/W q/W o/W 0;W 0;W 0;W 0;W o/W O/,N 0;W 0;W o/W 0;W o/W O/,N 0;W 0;W wlo wlo wloEmulsion
I
Per- :lHr 1.00 1·00 100 100 100 100 100 1.00 100 100 100 100 1.00 100 100 100 100 100 100 100 100
cent
95 95 95 100 1Stab- )Hr 100 100 100 100 100 100 100 90 90 90 90 100 100 100 100 100 100 1 1
11ity 2l,.Hr , 95 95 96 91 91 96 96 85 85 85 85 91 90 . 90 15 15 10 80 80 95 95




Solution 1 10 12:
F
I
Mixture 1 2 3 4 5 6 1 1 2 3 4' 5 6 1 1 2 3 4 5 6 1
I
Type of
O/,N o/w O/,N OIR 0;W wlo wlo o/W O/W o/w 0111 0;W OIN wlo o/W O/W 0;W o/W 0;W 0;W OIN
I Emulsion
Per- 1Hr 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
cent 3Hr 85 85 85 90 90 100 100 85 85 85 90 90 100 100 100 100 100· 100 I 100 100 100Stab-







Hereafter, only a short discussion will be presented
on each series of emulsions, as the results will be summariz-
ad in a table for each pair of immisicble liquids.
A phase reversal occured with this series of emulsions.
However, t:'-lis reversal was not due to a variation in pH,
but was merely a result of the phase volume ratio.
Mixtures 3, 4 and 5 were viscous at pH of 4 and 4.8.
This series of emulsions was somewhat more difficult
to prepare than the one using the mineral oil. The only
time that mixture 7 was emulsified was in the run with pH
of 2. The rest of the time it was extremely unstable,
even after 15 times through the ~omogenizer, and had the
appearance of below (Illustration 4).




_.. ~ Strip of stable emulsion
~Free water
Illustration 4. UNSTABLE EMULSION OF BENZENE
2.0
pH of 4 4.8Solution 2
Mixture 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 . 6 7
-
Type of o/w o/W o/w 0;W o/W w/o wlo 01'11 o/W o/W 0;W ojW wlo w/o ojw 0;W o;W 0;W 0;W wlo wloEmulsion
Per- 1Hr 95 100 95 95 95 92 92 80 82 82 82 82 82 80 81 81 82 82 81
- -
cent
Stab- 3Hr 90 95 90 90 90 87 87 80 82 82 82 82 82 - 80 82 81 82 82 81 -
ility 24 Hr 65 70 75 80 80 79 79 70 71 71 72 71 70 72 73 73 75 73 72
- -
Table 2. RESULTS OF BENZENE EMULSIONS
pH of
Solution 7 10 12
I
Mixture 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Type of 0;W o/w o/w o/w o/W w/o w/o o;W o/w o;W 01111 o;W wlo w/o o/w olw o;W 0;W ojw wlo w/oEmulsion
I
Per- IHr 90 91 91 90 90 89 -- 95 95 96 95 94 94 -- 95 95 96 . 95 94 94 --
cent 89 94 94 94 94 94' 943Hr 90 91 91 90 90 -- 95 93 93 -- 95 93 93 ~-
Stab- I
..
ility 24Hr 75 80 90 88 88 87 ._- 85 85 92 92 92 90 -- 87 87 93 93 92 91 --
, ._1.---_.1
NITROBENZENE EMULSIONS
Phase reversals occured in this series with mixtures
5 and 6. Number 6 exhibited a double reversal; going from
a W/O emulsion at pH of 2 to O/W at pH of 4- and 4.8, and
back to W/O at pH of 7. These reversals were all due to
a variation in pH.
This series of emulsions was not as stable as the
benzene emulsions were. Mixture 7 was not emulsified to
any extent in these runs.
22
pH of
4 4.8Solut on 2
ixture 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Type of o/w o/W 6/W o,lw 10 W/O
--
0;W 0;W ojw ojw o/W ojw
--
O/W OIYl o/W o/W 0;W 0;W 10
- Emulsion
Per- 1Hr 100 100 100 100 15 15
--
100 100 100 100 100 100
--
100 100 100 100 100 95 10
cent 3Hr 100 100 100 100 65 60
--
90 92 93 92 91 87 -- 90 91 91 92 90 85 5Stab-
ility ~Hr 50 55 60 65 55 50 -- 60 65 75 75 75 80 -- 62 64 73 74 15 74 --
Table 3. RESULTS OF NITROBENZE EMULSIONS
pH of
Solution 1 10 12
,
I
ixture 1 2 3 4 5 6 7 1 2 3 4 5 6 1 1 2 3 4 5 6 1
Type of 0;W o;W 0;W o;W o/w w/o
--
O/W 0;W 0;W o/W 0;W W/O
--
o,lw O/W o,lw O/v.: 0;W w/o
--Emulsion
Per- 1Hr 10 72 75 75 73 73 -- 72 75 75 70 68 50 -- 70 73 75 72 70 55 --
cent
3 Hr 70 70 75 75 72 70 -- 71 15 74 65 65 40 -- 68 70 71 . 70 69 50 --Stab-
-flity 24Hr 50 60 62 ,64 1 60 t 50 -- 60 61 64 63 52 40 -- 65 65 70 68 64 45 --I~__..__L--. I
23
TOLUENE EMULSIONS
The phase reversals that occured in this series
were due to the phase volume ratio, as no emulsion was
inverted due to the variation in pH.
This series was much more stable than the nitrobenzene
emulsions. The mixtures were also more easily prepared,
although 7 was still not emulsified. Number 6 was also
difficult to emulsify at a pH of ~.
At the isoelectric point the emulsions all became
very viscous. They were slow to pour out of the test tube,
and the emulsion type was difficult to determine. On either




Mixture 1 2 3 4 I 5 6 7 1 2 3 4 5 6 , 7 1 2 3 4 5 6 7
T OIN 0;W o/w 0;W o/~J{ wlo wlo o/W 0;W ojw ojw o/w wlo wlo 0;W o/W ol\'{ 0;W o/W wlo wloEn1Ulsion
Per- IHr 100 100 100 100 100 100 50 80 90 95 96 98 60 -- laO 100 100 100 100 100 --cent 80 80 50 75 86 94 95 55 853Hr 85 85 90 90 91 -- 90 90 92 90 90 --Stab-· ,
ility 24 Hrl 60 65 70 70 65 60 20 65 70 70 75 70 40 -- 63 68 70 73 65 35 --L
Table 4. RESULTS OF TaL . EMULSIONS
H of
Solution 7 10 12
.~ixture 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
T e of olw 0;W ojw o/w 0;W wlo wlo o/w 0/ O/it 0;W o/~ wlo ~/o ojw OIN o/W o/w 0 wlo 10ulsion
Per- IHr 80 90 95 96 95 75 -- 85 90 95 97 100 100 --. 90 98 98 100 100 100 90
cent
943Hr 75 86 92 92 90 70 -- 85 90 92 94 95 95 -- 85 95 96 96 96 90Stab-
ility 24Hr 75 I 75 80 I 80 1 85 I 70 -- 80 85 86 90 90 87 -- 77 78 80 81 85 85 83I ,, ___._L__'__~_.
25
AMYL ALCOHOL EMULSIONS
A double phase reversal, due to the variati()ll in pH,
occured with mixtures 5 and 6 in this series. These two
mixtures changed from an o/w emulsion at pH of 4.8 to w/o
at pH of 7 and 10, and back to an O/W emulsion at pH of 12.
This series of emulsions was unstable in acid solution,
and at a pH of 2 were not emulsified at all. On the
alkaline side of the pH sC8.1e the emulsions were much more
stable up to a pH of 12. However, the set of emulsions in
the run of pH 12 were practically decomposed after 24 hours.
This indicated that the only stable range for this pair of
liquids was between a pH of 7 and 10.
26
pH of
4 4.8o ution 2
?, i ~ure 1 2 3 4 5 6 7 1 . 2 3 4 5 6 7 1 2 3 4- 5 6 7
T e 0 O/W OIN o/W o/'N 0;W 0 O/W OIN /,N O/w o/'N o/W
-Em Is on -- --
-_.
-- -- -- -- -- --
Per- 1Hr 65 68 72 73 70 68 -- 70 75 80 80 80 75 --
cent
58 62 65 65 61 65 74 68 I3 Hr 55 -- 71 75 75 --
I Stab-
ility 24Hr 44 45 45 45 42 38 -- 50 54 55 57 51 45 --
Tab1 e 5. RESULTS OF AMYL COHOL. SIO~TS
pH of
Solution 7 10 12
f
ixture 1 2 3 4 5 6 7 1 2 3 4- 5 6 7 1 2 3 4 5 6 1
Type of o/i~ O/W O/,N 0;W W/O /0
--
0/'8 O/'ll 0;W O/W /0 /0
--
0/18 O/W 0;W ojw O/W 0/
--ulslon
Per- lEr 90 90 92 95 90 88 -- 92 92 93 95 90 90 -- 85 86 86 88 85 85 --cent
I 3 Hr' 88 88 90 93 8 85
--
90 90 90 92 88 87
--
80 80 81 82 75 70 ..-Stab-
ility 24 Hr 65 I 65 67 70 I 62 I 60 -- 72 73 73 15 68 65 -- -- -- -- -- -- -- --___ .....----.L.__. ••___
27
CAPRYLIC ALCOHOL EMULSIONS
A phase reversal, of mixture number 7, occured in
this series between a pH of 4.8 and 7. The reversal was
due to the variation in pH of the solution, but this mix-
ture was the only emulsion inverted.
In contrast to the amyl alcohol series these emulsions
were extremely stable. The emulsions had a very good white
color, and did not become viscous upon emulsification.
They were very easily prepared, becoming intimately mixed




4Sol tlon 2 4.8
Mlxt e 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Type of 0;W o/u ojw O/,N 0 0;W O/,N ojw O/W ojw OIV/l, of' O/,N ojw o/W 0;W ojw o/W 0;W o/W W/O
- Emu1 ion
Per- lHr 100 100 100 100 100 100 90 98 98 100 100 100 98 90 95 95 96 96 96 . 95 85
cent
3 HI' 100 100 100 100 100 100 90 98 98 100 100 100 98 89 93 93 94 95 93 91 80Stab-
ility 24 Hr 90 91 91 92 91 90 70 88 88 89 90 88 86 60 85 85 86 86 86 82 55
Table 6. RESULTS OF CAP YLIC ALCOHOL EMULSIONS
pH of
SolutIon 7 10 12
I
ixt e 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
T e of 6/'N 0/ 0;W O/W o/W o/W /0 OIN ojw O/W o;W 0;W ojw wlo 0;W O/W 0;W o;W o/W O/W W/O
. Emulsion
Per- IHr 96 96 97 97 97 95 90 95 95 96 96 95 94 85 100 100 100 100 100 100 80
cent
3Rr 95 95 95 96 95 92 84 93 93 93 94 93 91 . 78 100 100 100 . 100 100 100 .75
-
Stab-
. ~~_L88__~i1ity 24Hr 87 88 61 83 84 84 84 83 81 52 99 99 99 100 .. 99 98 65,
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DECYL ALCOHOL EMULSIONS
Decyl alcohol proved to be difficult to emulsify
due to the extreme viscosity of the emulsion, especially
in acid solution. When approximately 75% of the sample
. had been intimately mixed the attempt at emulsification
was stopped because of this high viscosity.
In the runs with pH of 7 and 10, mixtures 1, 2, 3
and 4 were easily emulsified, and formed stable emulsions.
However, 5, 6 and 7, as in acid solution, proved to be
too viscous to emulsify completely.
In the run with pH of 12, the emulsions again had
the characteristics of the mixtures in acid solution.
There was a double phase reversal of mixtures 1, 2
and 3 between pH of 4.8 and 12. These emulsions were of
the W/O type in the acid solution runs, but at pH of 7
and 10 they had reversed in phase to the O/W type, and
at pH of 12 they again were W/O emul sions.' However,
the emulsions on the acid side and at pH of 12 were
probably not true types, because of lack of complete
emulsification. If the entire sample in these runs had
been emulsified they might have been different in type.
Mixtures 1, 2, 3 and 4 at pH of 7 and 10 were 100%
stable after 1 hour; 95% stable after 3 hours, and at the
30
end of 24 hours number 1 was 60% stable, 2 was 70% and
3 and ~ were 80% stable.
No table was prepared for this series of emulsions
due to lack of consistant data.
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BUTYL BROMIDE EMULSIONS
There occured a double phase reversal in this series
at pH of 4e8. Mixtures 1 and 2 reversed in phase from
an O/w emulsion at pH of 4 to a W/O type at pH of 4.8,
and then back to an O/W emulsion at pH of 7. This re-
versal was due to the variation in pH. Mixtures 6 and
7 were of different type than 4 and 5, but tL.is was due
to the variation in the phase volume ratio.
These emulsions were easily prepared, and as a
rule were rather stable. The viscosity did not increase
to any extent upon emulsification, and the emulsions
were of a. very white color. Mixture 7 at pH of 10 and
12 was fairly difficult to prepare, and became slightly
viscous, but this was the only exception in this series.
The greater stability of the emulsions occured on
the acid side of the pH scale.
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p 0
S t10n 2 4 4.8
ixture 1 2 ) 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
yp of )/W O/W 0;W O/w O/W W/O wlo 0;W o/W o,lw o/W 0/1 Vl/O /0 wlo wlo o/w o/'N o/w /0 '~/oEmu1 io
Per- 1lb: 62 67 75 86 85 8) 8) 65 72 78 85 85 81 78 95 95 75 75 85 1 0 100
cent 3 HI 53 55 73 81 81 78 79 63 69 77 84 80 76 95 95 75 75 85 100 100
S ab-
ity 24 Hrt 20 20 55 55 65 65 65 55 62 '75· 81 81 77 72 91 91 72 71 82 96 95
Table 7. RES. Tn OF BUTYL BRO ID EMULSIO S
pH of
01 tion 1 . 10 12
I
Mixture 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Type 0 0/1 O/W 01 0;W o/w wla /0 o/w a o,lw 01 oln w/o wlo o/w o/w o/w o,lw o/w w/o wlo
. Emulsion
Per- 1Hr 65 71 82 100 00 100 81 61 66 77 80 85 85 85 62 63 75 87 82 82 81
cent
Stab- 3Hr 65 71 ' 82 100 ·100 100 81 58 64 76 79 84 84- 8) 59 61 74 86 81 81 79





This liquid proved to be the least capable of
emulsification of any that was tried.
The mixtures became extremely viscous upon emulsif-
ication, and were very unstable. The volume seemed to
decrease greatly when the liquid was emulsified. This
was probably the result of the increased viscosity that
was exhibited by the mixtures.
No attempt was made to determine the emulsion type,




The isoelectric gelatin was found to be capable of
phase reversals with a variation in pH for most of the
liquids tried. A double reversal occurred in most cases.
The isoelectric point of the gelatin solution was usually
the pH at which a reversal occurred.
A double phase reversal of the mineral oil emulsions,
due to a variation in pH, occurred between 4.8 and 10 as
shown in table 1, page 18.
The benzene and toluene series produced a phase
reversal, but this was due to the phase volume ratio.
The nitrobenzene emulsi~ns exibited one double
reversal, and one single reversal. A double reversal
occurred with mixture 6 between pH of 2 and 7. The single
inversion was with mixture 5 as shown in table 3 on page
22.
The various alcohol emulsions were reversed in
phase, and in each case the inversion began at pH of 4.8.
A double reversal occured in amyl alcohol as shown in
table 5, page 26. The caprylic alcohol inversion is
shown in table 6, page 28. Results with decyl alcohol
were inconclusive as shown on pages 29 and 30.
The butyl bromide was a stable emulsion, and ex-
hibited a double reversal as shown in table 7, page 32.
35
However, the ethyl bromide did not emulsify to any
extent.
A reversal of phases at different pH values is to
be expected with gel~tin as an emulsifying agent.
Gelatin exhibits a minimum solubility in water at its
isoelectric point, with a marked increase in solubility
on either side. If at the isoelectric point gelatin
was more soluble in oil than in water, there would
result a greater lowering of the oil interface, pro-
ducing a wlo emulsion. On either side of the isoelectric
point the gelatin is more soluble in water, resulting in
the o/w type. This explains the double phase reversals
shown with several of the liquid pairs.
The effect of increasing the carbon chain upon the
type and stability of the emulsion gave no consistent
results, as illustrated in the tables.
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SUMMARY
1. ' The variation in pH effected a reversal of the
emulsion type in most cases.
2. Where the variation in pH effected an inversion,
a double reversal was usually the case.
3. Benzene and toluene did not reverse in phase due to
a variation in pH, but did invert by changing the
phase volume ratio.
4. Emulsification of ethyl bromide was unsuccessful.
5e Stability after 24 hours averaged approximately
75%. The stability, as a rule, was greater on the
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